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ABSTRACT 
As a newly emergent type-II Dirac semimetal, Platinum Telluride (PtTe2) stands out 
from other 2D noble-transition-metal dichalcogenides for the unique structure and 
novel physical properties, such as high carrier mobility, strong electron-phonon 
coupling and tunable bandgap, which make the PtTe2 a good candidate for 
applications in optoelectronics, valleytronics and far infrared detectors. Although the 
transport properties of PtTe2 have been studied extensively, the dynamics of the 
nonequilibrium carriers remain nearly uninvestigated. Herein we employ optical 
pump-terahertz (THz) probe spectroscopy (OPTP) to systematically study the 
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photocarrier dynamics of PtTe2 thin films with varying pump fluence, temperature, 
and film thickness. Upon photoexcitation the THz photoconductivity (PC) of 5 nm 
PtTe2 film shows abrupt increase initially, while the THz PC changes into negative 
value in a subpicosecond time scale, followed by a prolonged recovery process that 
lasted hundreds of picoseconds (ps). This unusual THz PC response observed in the 5 
nm PtTe2 film was found to be absent in a 2 nm PtTe2 film. We assign the unexpected 
negative THz PC as the small polaron formation due to the strong electron-Eg-mode 
phonon coupling, which is further substantiated by pump fluence- and 
temperature-dependent measurements as well as the Raman spectroscopy. Moreover, 
our investigations give a subpicosecond time scale of sequential carrier cooling and 
polaron formation. The present study provides deep insights into the underlying 
dynamics evolution mechanisms of photocarrier in type-II Dirac semimetal upon 
photoexcitation, which is fundamental importance for designing PtTe2-based 
optoelectronic devices.  
KEYWORDS: type-II Dirac Semimetal, polaron, transient THz dynamics, 
photoinduced bleaching. 
 
INTRODUCTION 
The emergence of three dimensional (3D) Dirac semimetals (DSMs)，a 3D analog of 
graphene, has lately captured immense attention because of their nontrivial topology 
properties such as exotic Fermi arc surface states, anomalous giant magnetoresistance, 
topological nontrivial quantum oscillation, as well as the potential applications in 
optoelectronic devices.
1-5
 Recently, the Lorentz-violating type-II Dirac semimetals 
PdTe2, PtTe2 and PtSe2, for example, with tilted Dirac cones in certain momentum 
direction are predicted theoretically and confirmed experimentally.
6-12 
The transition 
metal dichalcogenides (TMDs) PtTe2 has been identified as the type-II Dirac 
semimetal with a complex Fermi surface according to theoretical calculation and 
observation from angle-resolved photoemission spectroscopy (ARPES), in which the 
anisotropic and heavily titled bulk Dirac cones are formed by two crossed valence 
bands.
8, 13-15
 The PtTe2 film shows extra-high electrical mobility, and the film 
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conductivity is strongly relevant to the film thickness as well as the temperature.
16
 
Benefiting from the linear dispersion band structure, ultrahigh carrier mobility and 
zero bandgap, DSM has shown excellent potential toward a high performance 
photodetector with high operation speed, broadband response from ultraviolet to THz, 
lower dark photocurrent and tunable Fermi level by doping. Over past few years, 
photoconductive response in DSM has been studied extensively in order to uncover 
the photocarrier scattering mechanism governed by the unique gapless band structure 
protected by crystalline symmetry.
17-20
 As a matter of fact, it is crucial to monitor the 
transient relaxation dynamics, understanding the physical mechanism behind of which 
in photoexcited nonequilibrium state of a material as the performance of a 
photoelectric device heavily relies on the response of photogenerated quasiparticle 
upon photoexcitation. The observations of negative transient PC in THz frequency is 
not uncommon in some materials such as graphene, TMDs and topological insulators, 
which usually can be interpreted by the production of hot electrons, secondary hot 
electrons and formation of trions, as well as surface states etc., in short, the reduction 
in carrier mobility induced by photoexcitation.
21-24
 Specifically, the THz PC in 
graphene can be positve or negative depending upon the Fermi energy.
25-29
 In 
constrast, Cd3As2, a type-I DSM always shows positive THz PC although the Fermi 
energy is far away from the Dirac point.
30, 31
 Due to the very different band dispersion, 
the THz PC response in type-II DSM can be very different from that of type-I 
counterpart. As far as we know, there is no report about the THz PC study in type-II 
DSM so far, and the THz photoconductive response of type-II DSM remains 
elucidated.  
As a model material of the type-II DSM, the PtTe2 has been investigated extensively, 
including synthetic technology
16, 32, 33
, electronic structure
6, 14, 15
, 3D Dirac plasmons
8
, 
magnetic transport
34
 and photocurrent response
35
 etc. However, so far as we have 
learned, the nonequilibrium dynamics after photoexcitation, such as photocarrier 
dynamics, dynamical electron-phonon (e-ph) coupling as well as the dynamical PC 
response, remains unexplored experimentally. In particular, the recent report of the 
implementation of PtTe2-based THz radiation detector demonstrates the tremendous 
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application potential of the DSM PtTe2 in long-wave detection and optoelectronic 
devices.
20
 
In the present work, we employed OPTP spectroscopy to unravel the ultrafast 
photoexcited carrier dynamics of type-II Dirac semimetal PtTe2 thin film in ultrafast 
time scale. Our experimental results reveal that the photocarrier responses of a 5 nm 
PtTe2 film initially exhibits absorption enhancement of THz radiation induced by hot 
electron, subsequently the THz transmission is enhanced taking place within a 
subpicosecond time scale, which is rooted in the decrease of carrier mobility arising 
from the formation of small polaron due to strong electron-Eg-phonon coupling. Long 
recovery process is dominated by the dissociation of small polaron. To the best of our 
knowledge, this is the first observation of small polaron formation in PtTe2, and also 
the first detailed study about the photocarrier dynamics of type-II DSM in 
nonequilibrium state, which might pave the new way for the design of electronic and 
optoelectronic devices. 
 
EXPERIMENTAL DETAILS 
Sample characterization. The high quality single crystal films PtTe2 without 
intended doping were synthesized on the yttrium aluminum garnet (YAG) or fused 
silica substrate with a thickness of 1 mm. To fabricate the single-crystals PtTe2, we 
have used Tellurium (Te) powders and Platinum (Pt) films as precursors. We have 
deposited the Pt films on (100)-oriented (YAG) single crystal or fused silica substrate 
by using electron beam evaporation, followed by the dispersion of excess Te powder 
on the Pt films. The synthesis of PtTe2 were achieved in the CVD quartz tube with 
assistant of Ar/H2 mixed gas and the detailed process have been provided in our prior 
work.
33
 Figures 1(a) and 1(b) display the crystal structure of PtTe2 from both the top 
and side views, from which a layered structure implies the PtTe2 is a 2D material with 
van der Waals (vdW) interlayer interaction. The background carrier density and dc 
conductivity at room temperature are around 6.31022 cm-3 and 3.3106 S m-1 
obtained from Hall measurement for the 5-nm PtTe2 film
33
, which show a metal-like 
property. Figure 1(c) shows the Raman spectrum of the PtTe2 film with excitation 
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laser line of 532 nm, two pronounced phonon modes at 112 cm
-1
 (Eg) and 156 cm
-1
 
(A1g) are clearly seen, which correspond to the in-plane and out-of-plane vibration 
mode, respectively. For the 2 nm PtTe2 film, however, only the A1g mode is observed 
at 164 cm
-1
, showing a blue shift with decreasing the thickness of sample, which is 
consistent with previous report.
16
 The room temperature X-ray diffraction (XRD) 
pattern only exhibits (003) characteristic peak as displayed in Figure 1(d), indicating 
good crystallinity of our samples. 
 
Figure 1. (a) and (b) show the crystal structure of ab and bc side view, respectively. (c) Raman 
spectra and (d) X-ray diffraction pattern of PtTe2 films. (e) Schematic diagram of optical 
pump-THz probe spectroscopy. 
Transient THz dynamics measurements. The time-resolved OPTP experiments in 
the transmission configuration were performed to explore the dynamics of 
photocarriers. The optical pulses are delivered from a Ti: sapphire amplifier with 120 
femtoseconds (fs) duration at central wavelength of 800 nm (1.55 eV) and a repetition 
rate of 1 kHz. The laser beam is split into three parts: the first one is used for ultrafast 
pump. The second beam is employed to generate THz pulse via optical rectification in 
a 1 mm-thick (110)-oriented ZnTe crystal. The third one is a gating pulse for 
electro-optical sampling of THz waveform through another (110)-oriented ZnTe 
crystal. The chopper with a frequency of 500 Hz is placed in either the THz 
generation path to measure the THz transmission of the sample with and without 
photoexcitation or in the pump path to track the time-resolved photoinduced 
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transmission change with respect to the pump-probe delay time. The optical pump and 
THz probe pulse are collinearly polarized with a spot size of 6.6 and 2 mm on the 
surface of sample, respectively. All measurements were conducted in dry nitrogen 
atmosphere to avoid the absorption of water vapor, and the sample is placed in a 
cryostat with temperature varying from 5 K to 300 K when the variable temperature 
experiments are performed.  
 
Figure 2. (a) The transient dynamics of 5 nm PtTe2 film under 800 nm pump at room temperature. 
The inset plots the transient response in short scan time window, and the red line is 
monoexponential fitting curve. (b) The THz transmission, T/T0, as a function of pump-probe 
delay time under various pump fluences, and the arrows indicate the delay time at t=0 and 5 ps, 
respectively. The inset plots the magnitude of T/T0 at t=0 ps (black) and t=5 ps (red) as the 
arrows marked with respect to the pump fluence, respectively. (c) The decay time constants 
obtained from monoexponential fitting with respect to pump fluence, and the solid line is a guide 
to the eyes. (d) THz waveform transmission of the sample without pump (black) as well as with 
pump fluence of 584 J/cm
2
 collected at delay time t=0 (red) and t=5 (blue), respectively. The 
inset shows the corresponding frequency spectra obtained from Fourier transform. 
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EXPERIMENTAL RESULTS 
Figure 1(e) illustrates the schematic diagram for probing the photocarrier relaxation 
with THz pulse after optical pump at 800 nm. The THz probe pulses followed the 
optical pulses are applied to sample, in which the photoinduced transmission change 
of THz electric field peak value T=T-T0 with respect to the delay time, t, between 
THz pulse and optical pulse can be obtained, here the T0 and T denote the 
transmission signals of THz peak value without and with photoexcitation, respectively. 
The penetration depth of PtTe2 at 800 nm is ~12.5 nm, which is two more folds thicker 
than the thickness of 5-nm-PtTe2 film used in this study, it is reasonable to assume that 
the change in THz transmission is proportional to the negative THz PC -, i.e. T/T0 
 -. 
Figure 2 illustrates the pump fluence dependent transient THz response of the 5 nm 
PtTe2 film at room temperature. Figure 2(a) shows the photoinduced transient trace 
T/T0 as a function of delay time with pump fluence of 584 J/cm
2
. The inset plots 
the transient THz response at short time scan window. Fascinatingly, after 
photoexcitation, the transient THz transmission consists of three stages with distinct 
time scale: (i) a pump-induced rapid increase in THz PC (drop in THz amplitude 
transmission) with response time limited by the laser pulse duration; (ii) the rapid 
transition in THz PC signal from positive to negative occurring on ~1.0 ps time scale; 
(iii) the slow recovery process lasts hundreds of ps from the maximum bleach signal 
to equilibrium state.  
Notably, the transient THz response after photoexcitation in the 5 nm PtTe2 film 
shows clear difference from that in graphene and type-I DSM, such as Cd3As2, in 
which either positive or negative THz PC responses were observed.
21, 22, 30, 31
 An 
intriguing phenomenon is clearly seen here: an abrupt reduction of the THz 
transmission after photoexcitation, whereas the initial enhancement of THz absorption 
transform into bleaching signal after ~1.0 ps. The measured sign of T/T0 changed 
from negative to positive indicates that the film is more opaque for THz waveform 
just optical excitation, and becoming more transparent after ~1.0 ps. It should be 
mentioned that the YAG substrate shows neglected THz response under the identical 
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photoexcitation.  
Figure 2(b) shows the transient THz transmission traces under various pump fluences, 
and the inset plots the magnitude of T/T0 with respect to the pump fluence at delay 
time of t=0 (black) and t=5 ps (red), respectively. The good linear fluence 
dependent THz transmission indicates that the transient THz responses do not exhibit 
saturation behavior up to pump fluence of 584 J/cm2. Considering the bleaching 
signal last hundreds of ps, we employ a monoexponential function convoluted with 
laser pulse to fit the ultrafast transient THz transmission response of Fig 2(b) in the 
initial 20 ps time window. [Note 1 in the Supplemental Information] shows the fitting 
details. The pump fluence dependent fitting time constants are shown in Figure 2(c). 
The solid line in Figure 2(c) is the linear fitting curve, from which it can be seen that 
the relaxation time of THz PC from positive to negative increases linearly with pump 
fluence. 
Figure 2(d) shows the transmitted THz waveforms of the 5 nm PtTe2 film at t=0 ps 
(red), 5 ps (blue) and without photoexcitation (black), respectively. The photoinduced 
THz electric field change is expressed as E(t, t)=E(t, t)-Eref(t), where E(t, t) and 
Eref(t) is the time-domain THz waveform at t with and without pump, respectively. It 
is clear that THz transmitted waveforms collected at t=0 ps and t=5 ps show 
out-of-phase with each other, indicating the photobleaching of THz transmission at 
t=5 ps after photoexcitation. The relevant frequency-domain spectra via Fourier 
transform of Eref, Et=0 and Et=5 are showed in the inset of Figure 2(d). 
The film PC, = (n)e, is determined by the change of carrier concentration n 
and mobility  induced by photoexcitation, here e is electronic charge. Thus, the 
time evolution of THz transmission response after photoexcitation is decided by two 
factors, i.e. n and .21, 36 As the metal-like property with high carrier concentration 
of our sample
33
, the increase of carrier density is negligible and the photoexcitation 
mainly results in the thermalization of electrons through electron-electron (e-e) 
scattering within several tens of fs. At elevated electron temperature caused by optical 
injection, the Fermi distribution of hot carriers is broadened over a wider energy range, 
which leads to free carriers‟ absorption of THz pulses due to the intraband transition 
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undergoes larger possible momentum and energy conservation spaces.
31
 Therefore, 
the sharp enhancement of THz absorption in our 5 nm PtTe2 film originates from the 
production of hot electrons. Subsequently, the unpredictable bleaching signal appears 
after a fast relaxation with ~ 1 ps time scale. Obviously, the negative THz PC only 
arises from the diminution in carrier mobility after photoexcitation. Next we will 
discuss detailed possibilities that lead to the diminution in carrier mobility in our 
5-nm PtTe2 film. 
DISCUSSIONS 
Interband scattering. The electron in the conduction band has much larger effective 
mass than that in Dirac cone on account of the fact that Dirac fermion is described in 
massless Dirac equation,
13, 37, 38
 which gives rise to the electron mobility in 
conduction band is much smaller than that in Dirac cone. Therefore, the 
photobleaching behavior may originate from the sharp decline of electron mobility as 
the electrons in Dirac cones are photoexcited into conduction band with a 
1.55-eV-optical-pump. However, the contribution of the electrons in the Dirac cones 
to conductivity can be ignored due to the fact that the Dirac point of PtTe2 is located 
around 0.8 eV below the Fermi surface.
6, 8
 In addition, we also carried out OPTP 
measurement with pump wavelength of 1600 nm, the pump-induced bleaching of THz 
transmission is still clearly observed as shown in [Figure S2, Supplementary 
Information]. Therefore, the conjecture about the contribution of Dirac electrons can 
be easily excluded.  
The formation of trions. Another possibility that leads to negative THz PC is the 
formation of trions, i.e. the charged three-particle state, which come from that the 
excessive free electrons are captured by photogenerated electron-hole pairs.
23, 39
 The 
charged quasiparticles, i.e. the trions, with increased effective mass have lower carrier 
mobility, hence causing the diminution of the film‟s conductivity. Consider the 
metal-like nature of 5 nm PtTe2 film with much high carrier concentration, the 
formation of the exciton with photoexcitation can be totally screened by the 
background free carriers, we can safely rule out this possibility.  
The two-temperature model (TTM). The TTM has been proved to be acceptable 
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model in some metals or semimetals. The TTM assumes that after photoexcitation the 
e-e thermalization (in tens of fs) is much faster than e-ph thermalization with a typical 
time of ~1.0 ps, and the electron with elevated temperature interacts with cold lattice 
via e-ph coupling to transfer the excess energy to lattice until the two subsystems 
reach a balanced temperature.
40-43
 It seems to be reasonable in interpreting the 
occurrence of bleaching signal because the observed ~1 ps relaxation time from 
positive to negative of THz PC is consistent with the character time of e-ph coupling 
in TTM. However, e-ph coupling leads to the cooling of hot electrons until reach a 
thermal equilibrium between electron and lattice, and the electronic temperature 
would not be more lower than that before photoexcitation. Obviously, the TTM fails 
in account for our experimental phenomenon. We would like to mention that THz 
radiation after photoexcitation on the surface of PtTe2 is negligible so that the 
photobleaching signal can also rule out the contribution form the photo-induced THz 
radiation. 
The formation of small polaron. Herein, we interpret the unexpected negative THz 
PC using the formation of small polaron. It is noted that numerous publications have 
reported the polaron formation in perovskites and other polar solids due to the 
Fröhlich interaction, or strong electron-optical phonon coupling, and it has been 
proposed that the polaron formation allows to reduce the carrier mobility due to 
phonon „„dressing‟‟ of carriers.44-47 In some solids, the excess carriers interaction with 
surrounding atoms forms a distortion in the local bonding environment, resulting in its 
spatial localization.
48, 49
 The composite of electronic carrier and concomitant distorted 
local lattice is named polaron, a kind of quasiparticle that is self-trapped in a potential 
well that it creates.
48, 50
 Depending on the size of spatial localization of the carriers, 
polaron can be distinguished into two types, that is, small and large polarons. For 
small polaron, the carriers localized over a or few bond lengths, with a low mobility 
that generally increases with temperature due to thermally activated phonon-assisted 
hopping from one localized site to another.
51
  
The small polaron has been observed in numerous compounds including metal 
oxides
52, 53
 and organic semiconductors
54
 besides halide perovskites, and the possible 
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existence of polaron formation in graphene and TMDs has been proposed based on 
theoretical investigation
55-57
. Strong e-ph interaction is indispensable in polaron 
formation and the small polaron emerges because of the strong and short-range e-ph 
coupling.
48
 As a matter of fact, PtTe2 has strong e-ph interaction with electron–phonon 
coupling constant  ranged from 0.38 – 0.42 according to previous experimental 
measurement.
58
 So we attempt to contribute the transformation process of THz PC 
within ~1 ps to sequential carriers cooling as well as the formation of small polaron, 
as this model has been proposed in interpreting the carriers dynamics in lead-iodide 
perovskites.
59
 We infer that the hot carriers strongly couple with the Eg phonon 
initially, which results in the cooling of hot carriers and deformation of the lattice 
around the carriers, and forming small polaron with much lower carriers mobility due 
to spatial localization and confinement. Lower carrier mobility means lower 
conductivity, which is the origin of negative THz PC. The long relaxation process 
lasting hundreds of ps could be dominated by the dissociation of the small polaron. 
The pump fluence dependent negative THz PC shown in Fig. 1(b) as well as Fig. S3 
in [note 3 of Supplemental Information] are also in supportive of the polaron 
formation after photoexcitation. Higher pump fluence leads to higher electron 
temperature produced in PtTe2 film, therefore more phonon modes are excited during 
the hot electron cooling process via e-ph scattering due to the fact that the excited 
phonon modes are proportional to the temperature difference between the hot electron 
and the cold lattice. As a result, more electrons are “trapped” by phonons, which 
results in enhanced negative THz PC signal under higher pump fluence.  
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Figure 3. (a) Temperature dependent transient dynamics of the 5 nm PtTe2 film. The THz 
transmission change as a function of delay time at various temperatures at a fixed pump fluence of 
350 J/cm
2
. The inset plots the magnitude of T/T0 at t=0 (black) and 5 ps (red) with respect to 
the temperature, respectively; the solid lines are guide to the eyes. (b) The transient THz 
transmission change as a function of delay time under various pump fluences at 5 K, and the inset 
plots the transient profile of small polaron formation and exponential fitting curve at 58 J/cm
2
. 
In addition, because of the fact that the mobility of small polaron increases with 
temperature, hence we anticipate a more prominent negative THz PC when reducing 
the temperature of sample. For substantiating our inference, OPTP measurements with 
varying temperature are carried out. The Figure 3(a) shows the temperature dependent 
temporal development at fixed pump fluence of 350 J/cm2, and the inset plots the 
magnitude of T/T0 at t=0 and 5 ps with respect to temperature, respectively. It is 
clear that the photobleaching signal at t=5 ps increases monotonously with 
decreasing temperature, while the photoinduced absorption signal at t=0 ps show 
non-monotonously change with temperature. The observation that the photobleaching 
signal dramatically enhance with decreasing temperature is consistent with the 
transport property of small polaron that the mobility decreases with decreasing 
temperature, which results in a lower THz PC. Figure 3(b) shows the pump fluence 
dependent transient THz dynamics at 5 K (the pump fluence dependent transient THz 
dynamics at 300 K, 200 K, 100 K are presented in Figure S3, Supporting Information), 
it is clear that the positive THz PC signals around t=0 continue to decrease with the 
decrease of pump fluence, and until vanish at 58 J/cm2. The absence of the positive 
THz PC signal could stem from the photoinduced rise of electron temperature is 
ignorable due to the very low pump fluence of 58 J/cm2, in which the enhancement 
of THz absorption due to hot electron effect is limited. In the case of low temperature 
and small pump fluence, the THz transmission is seen to behave an only 
photobleaching process, and the photoabsorption process is almost vanished 
completely. The rising process in THz transmission is therefore assigned as the 
dynamical process of small polaron formation because the tiny increase in electron 
temperature and subsequent cooling is negligible upon photoexcitation. The inset in 
13 
 
Figure 3(b) shows the monoexponential fitting of the rising process, which gives time 
scale of ~200 fs for the formation time of small polaron under this condition. It is 
reasonable to believe that the rise time for T/T0 of ~ 200 fs is the formation time of 
small polaron, which is consistent with other reports that the polarons are generated 
instantaneously within ~100 fs in a conjugated polymer and ~ 400 fs in lead-iodide 
perovskites.
59, 60
 
 
Figure 4. The transient dynamics of 2 nm PtTe2 film under 800 nm optical pump at room 
temperature. (a) The THz transmission response as a function of pump-probe delay time under 
various pump fluences; inset shows the modulation depth at delay time zero, where the solid line 
is linear fitting curve. (b) The pump fluence dependent decay time constants from 
monoexponential function fitting; the solid line is a guide to the eye. 
We notice that the Eg phonon mode vanishes in 2 nm PtTe2 film from Raman 
spectrum as shown in Figure 1(c) compared to that in 5 nm film. For further verifying 
our claim that the photoexcited electrons strongly couple with Eg phonon mode to 
produce the small polaron, the photocarriers dynamics of the 2 nm PtTe2 film are 
performed at room temperature. Figure 4(a) shows the transient THz transmission 
traces of the 2 nm PtTe2 film under various pump fluences. Apparently, only the 
positive THz PC signal is observed, and the absence of negative THz PC confirm our 
inference that small polaron derives from the coupling of photoexcited electrons with 
Eg phonon mode. The transient dynamics of 2 nm PtTe2 film can be fitted well with 
monoexponential decay function (see Figure S4, Supplemental Information for more 
details), and the decay lifetimes with respect to pump fluence are plotted in Figure 
4(b), the longer lifetime is seen under higher pump fluence, which can be well 
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interpreted with TTM. The slight slowdown in relaxation lifetime compared to 5 nm 
PtTe2 film could be due to the lack of Eg phonon mode, which leads to the cooling of 
photoexcited hot electrons is not sufficiently effective via e-ph interaction. 
CONCLUSIONS 
To summarize, we have utilized ultrafast optical pump-THz probe spectroscopy with 
various pump fluences and temperatures to investigate the relaxation dynamics of 
photoexcited carriers in type-II Dirac semimetal PtTe2 films. The significant feature of 
the transient THz transmission is the enhanced THz absorption followed by THz 
photobleaching signal with lifetime of hundreds of ps. The fast THz response with 
time constant of ~1.0 ps is dominated by sequential carriers cooling and small polaron 
formation, and the dissociation of small polaron play a leading role in recovery 
process of slow THz bleaching. Our investigations open the door to understand the 
photocarriers‟ dynamics in type-II Dirac semimetal and offering insights into the 
optoelectronic device applications. 
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Supplemental Information 
 
Note 1. To quantitatively understand the transient dynamics of 5 nm PtTe2 film, 
the convoluted monoexponential model with the following form was employed to 
fit the ultrafast transient THz transmission response in the initial 20 ps time 
window. 
ΔT
T0
(t) = A ∗ exp [(
ω

)
2
−
t

] ∗ [1 − Erf (
ω

−
t
2
)] + B 
Where t is the pump-probe delay time, τ and A are the correlative relaxation constant 
and amplitude, respectively.  is the THz probe pulse, and B is the time-independent 
offset. 
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Figure S1. The transient dynamics under 800 nm optical pump at room temperature 
and the corresponding fitted curves with monoexponential decay function under 
various pump fluences; the blue dots denote experimental data, and the red lines 
denotes fitted curves by convoluted monoexponential function. 
 
Note 2. To exclude the possibility that the electrons in Dirac cones are 
photoexcited into conduction band, which gives rise to the sharp drop in carrier 
mobility, the transient THz dynamics response is measured using 1600 nm (0.775 
eV) optical pump at room temperature.  
 
Figure S2. The transient THz transmission change under 1600 nm optical pump under 
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pump fluence of 377 J/cm2 at room temperature. 
 
Note 3. The pump fluence dependent transient THz dynamics at temperature of 
100 K, 200 K, and 300K. 
 
Figure S3. Pump fluence dependence of THz transmission response under 800 nm 
optical pump at (a) 100 K, (b) 200 K as well as (c) 300 K. 
 
Note 4. The transient dynamics of 2 nm PtTe2 film as well as the fitting curves by 
using convoluted monoexponential function under selected several pump 
fluences. 
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Figure S4. The transient dynamics under 800 nm optical pump at room temperature 
and the corresponding fitting curves with monoexponential decay function under (a) 
526 J/cm2, (b) 468 J/cm2, (c) 234 J/cm2 as well as (d) 117 J/cm2; the blue solid 
dots denote experimental data, and the red solid lines denote the fitting curves by 
convoluted monoexponential function. 
